YALE  MEDICAL  LIBRARY 


Manuscript  Theses 


Unpublished  theses  submitted  for  the  Master's  and  Doctor's  degrees  and 
deposited  in  the  Yale  Medical  Library  are  to  be  used  only  with  due  regard  to  the 
rights  of  the  authors.  Bibliographical  references  may  be  noted,  but  passages 
must  not  be  copied  without  permission  of  the  authors,  and  without  proper  credit 
being  given  in  subsequent  written  or  published  work. 

This  thesis  by  has  been 

used  by  the  following  persons,  whose  signatures  attest  their  acceptance  of  the 
above  restrictions. 


NAME  AND  ADDRESS 


DATE 


Digitized  by  the  Internet  Archive 
in  2017  with  funding  from 
Arcadia  Fund 


https://archive.org/details/studyofrenaltubuOOjone 


A  STUDY  OF  THE  RENAL  TUBULAR  ABSORPTION  AND  EXCRETION  OF 
GLYCINE  AND  HISTIDINE  IN  DOGS  FOLLOWING  THE  INTRAVENOUS 
INFUSION  OF  CONCENTRATED  SOLUTIONS  OF  THESE  AMINO  ACIDS 


DANIEL  M.  JONES 

i>  * 


A  thesis  submitted  to  the  faculty  of  the 
Yale  University  School  of  Medicine 
in  partial  fulfillment  of  the  requirements  for  the  degree 
Doctor  of  Medicine 


DEPARTMENT  OF  PHYSIOLOGY 
I960 


(  JUN  1960  ) 
x^libr^  y 

y  i  (3 

r/A 


ACKNOWLEDGMENT 


Dr.  Edward  L.  Alpen,  U.S.  Naval  Radiological  Defense  Labora¬ 
tory,  San  Francisco,  California,  for  his  invaluable  assis¬ 
tance  and  encouragement  during  the  laboratory  phase  of  this 
study. 


Dr.  Daniel  L.  Kline,  Department  of  Physiology,  Yale  Univer¬ 
sity  School  of  Medicine,  for  his  constructive  criticism  and 
guidance  in  the  preparation  of  this  thesis. 


! 


.  . 

. 

. 


-• 


TABLE  OF  CONTENTS 


INTRODUCTION  1 

STATEMENT  OF  THE  PROBLEM  9 

METHODS  11 

Animals  11 

Experimental  Procedure  11 

Analytical  Methods  1$ 

Creatinine  Analysis  15 

Microbiological  Amino  Acid  Assay  16 

RESULTS  17 

General  Response  to  Glycine  Perfusion  17 

The  Effect  of  Glycine  Plasma  Levels  on  Serine  Plasma  21 

Levels 

Factors  Involved  in  Glycine  Reabsorption  23 

Histidine  Infusion  2li 

DISCUSSION  26 

Effect  of  Glycine  and  Histidine  Tubular  Loading  on  27 

Reabsorption 

Concurrent  Infusion  of  Amino  Acid  Mixture  and  Glycine  28 

SUMMARY  30 

BIBLIOGRAPHY  31 


FIGURES  AND  TABLES 


FIGURE  1  The  relationship  between  glycine  plasma  level ,  20 

the  plasma  clearance  of  glycine  by  the  kidney, 
and  the  filtered  tubular  load  of  glycine. 

FIGURE  2  Proportion  of  glycine  reabsorbed  at  different  21 

filtered  load  levels  when  infused  alone  and 
with  a  casein  hydrolysate  solution. 

FIGURE  3  The  influence  of  glycine  plasma  level  on  the  22 

plasma  level  of  serine. 

FIGURE  1|  Proportion  of  histidine  reabsorbed  at  different  23 

filtered  load  levels. 

TABLE  I  Glycine  kidney  clearance  studies.  18 

TABLE  II  Histidine  kidney  clearance  studies.  19 


' '  c 


. 


A  STUDY  OF  THE  RENAL  TUBULAR  ABSORPTION  AND  EXCRETION  OF 
GLYCINE  AND  HISTIDINE  IN  DOGS  FOLLOWING  THE  INTRAVENOUS 
INFUSION  OF  CONCENTRATED  SOLUTIONS  OF  THESE  AMINO  ACIDS 


Introduction  and  Historical  Background 

The  remarkable  advances  in  renal  physiology  during  the  last 
107  years  since  the  publication  of  Bowman's  monograph  (9)  on  the 
structure  of  the  glomeruli  have  been  made  possible  by  the  formu¬ 
lation  of  a  satisfactory  theory  of  urine  formation.  Throughout 
the  period  of  the  first  80  years  two  principal  schools  of  thought 
contended  for  supremacy.  One  represented  the  views  of  Bowman 
and  Iieidenhain  that  tubular  secretory  activity  accounted  for  the 
addition  of  the  urinary  solutes  to  water  separated  from  blood  by 
glomerular  filtration,  the  only  function  of  the  water  being  to 
carry  the  solutes  through  the  collecting  tubules.  The  other 
theory  was  held  by  Carl  Ludwig  and  his  followers  who  maintained 
that  an  ultra-filtrate  of  plasma  was  formed  at  the  glomeruli, 
and  subsequent  concentration  of  the  urinary  solutes  was  by  water 
reabsorption  in  the  tubules.  In  1917  Cushny  in  a  monograph  en¬ 
titled,  "The  Secretion  of  the  Urine",  endeavored  to  unite  the 
two  conflicting  views  into  a  "modern  theory"  (8).  He  envisioned 
the  formation  of  a  plasma  ultra-filtrate  in  the  glomerulus,  but 
rejected  the  idea  of  tubular  secretion  of  solutes  or  reabsorption 
of  water,  and  instead  postulated  the  reabsorption  by  the  tubules 
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of  an  ideal  solution  approximating  Locke ’ s  Solution  in  compo¬ 
sition. 

It  was  not  until  1923  when  A.N.  Richards  and  associates? 
applying  micro-puncture  techniques  which  permitted  the  sampl¬ 
ing  and  analysis  of  capsular  and  tubular  fluids  ,  that  unequi¬ 
vocal  evidence  was  obtained  for  glomerular  ultra-filtration 
and  tubular  reabsorption  and  excretion.  In  a  definitive  paper 
published  in  19 2H  (29)  they  described  their  micro -puncture 
experiments.  Since  their  pioneer  work  advanced  the  knowledge 
of  renal  physiology  so  markedly,  it  would  be  fitting  to  describe 
their  ingenious  methods  in  some  detail.  Essentially,  the  in 
situ  kidney  of  a  frog,  Rana  pipiens,  was  exposed  so  that  trans¬ 
mitted  light  could  be  directed  to  the  dorso-lateral  surface, 
thus  making  the  vascular  structures  clearly  visible  under  the 
binocular  microscope.  A  sharp-pointed  quartz  capillary  pipette 
held  in  a  micrometric  apparatus  wa s  then  manipulated  under  micro¬ 
scopic  vision  in  order  to  pierce  Bowman’s  capsule  and  collect  a 
sample  of  glomerular  filtrate.  After  collection,  the  fluid  was 
transferred  to  a  long  glass  capillary  tube  which  was  then  broken 
into  sections  and  chemical  determinations  carried  out  on  each 
section  by  various  microtechniques. 

Walker  and  Oliver  (28)  performed  a  similar  type  of  experi¬ 
ment  in  rats  and  guinea  pigs  in  19Ul.  They  collected  fluid  from 
the  various  parts  of  the  tubule  as  well  as  the  glomerulus.  Be¬ 
cause  of  the  fact  that  fluid  was  obtained  from  different  parts 
of  the  nephron,  it  was  necessary  for  them  to  identify  the  exact 
location  from  which  fluid  was  withdrawn.  This  was  accomplished 
by  injecting  the  point  from  which  fluid  was  collected  with  India 
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ink  at  the  close  of  the  experiment,  fixing  the  kidney  in  appro¬ 
priate  solutions  and  then  teasing  out  the  entire  nephron  under 
a  microscope  so  as  to  identify  the  exact  site  from  which  fluid 
had  been  collected. 

From  the  results  of  these  and  many  other  experiments  it  is 
now  realized  that  the  remarkedly  constant  composition  of  the 
plasma  in  all  higher  animals  is  the  product  of  the  kidney's  regu¬ 
latory  function  of  excreting  a  urine  the  composition  of  which  is 
adjusted  so  as  to  keep  the  plasma  composition  constant  within  a 
narrow  range. 

With  the  realization  of  function  and  the  recognition  that 
renal  disease  and  nephrotoxins  may  differentially  alter  specific 
functions  of  the  kidney  have  come  the  development  of  many  tests 
to  measure  the  degree  and  specific  site  of  malfunction. 

The  conception  of  comparing  simultaneous  determinations  of 
a  common  substance  in  blood  and  urine  as  an  index  of  general  re¬ 
nal  functional  ability  is  attributed  to  a  French  clinician,  N. 
Grehant.  In  190U  Grehant  introduced  the  use  of  the  urea  concen¬ 
tration  ratio,  urine/blood,  as  an  index  of  function  (15>).  Al¬ 
though  this  ratio  gave  an  estimate  when  the  urine  flow  rate  was 
high  enough  and  constant  enough,  generally  these  conditions  did 
not  prevail  so  this  index  did  not  find  wide  acceptance. 

Ambard  and  Weill  (1)  in  1912  first  included  both  urine  vol¬ 
ume  and  urea  output  in  attempting  quantitatively  to  relate  urea 
excretion  to  blood  concentration.  Although  the  influence  of 
urine  volume  was  not  directly  investigated  by  the  French  physi¬ 
cians  a  correction  for  urine  volume  appeared  in  the  formula  they 
derived  relating  urea  excretion  to  blood  and  urea  concentration. 
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Subsequent  investigators ,  however ,  found  a  wide  range  of  vari¬ 
ations  in  results  calculated  on  normal  subjects  using  the 
Ambard-Weill  formula. 

D.D.  Van  Slyke  and  co-workers  in  1921  showed  that  urinary 
urea  excretion  is  independent  of  urine  volume  only  when  the 
urine  flow  rate  is  greater  than  two  milliliters  per  minute  (2). 
They  called  this  minimal  urine  flow  rate  the  augmentation  limit. 
Their  formulas,  modifications  of  the  Ambard-Weill  formula,  took 
urine  flow  rate  into  consideration  and  have  found  wide  use  in 
clearance  determinations. 

The  term  "clearance”  as  used  today  was  first  introduced  in 
a  paper  by  Holler,  McIntosh,  and  Van  Slyke  in  1928  (21)  and  was 
defined  as,  "the  volume  of  blood  which  one  minutes  excretion 
suffices  to  clear  of  an  excretory  substance  when  the  urine  volume 
is  large  enough  to  permit  maximum  output. "  The  formula  developed 
was  Cx  -  UV/B,  where  Cx  =  clearance  of  x  in  ml.  per  minute,  U  = 
concentration  of  x  in  the  urine,  V  =  urine  output  in  ml.  per  min¬ 
ute,  and  B  =  concentration  of  x  in  the  blood.  This  formula  has 
served  as  the  basis  of  all  subsequent  clearance  studies. 

These  clearance  techniques,  developed  mainly  by  Homer  Smith 
and  associates,  permitted  the  precise  measurement  of  the  renal 
functions  of  glomerular  filtration  rate,  renal  blood  flow,  and 
tubular  absorptive  and  secretory  capacity,  thus  making  it  feasible 
to  define  and  assess  quantitatively  the  various  tubular  functions. 
A  detailed  review  of  the  historical  development  of  modern  clear¬ 
ance  techniques  can  be  found  in  Homer  Smith's  monograph  on  the 
kidney  (25)»  Briefly,  these  methods,  based  ultimately  upon  the 


Fick  principle 3  rely  on  the  following  theses.  To  measure  glomer¬ 
ular  filtration  rate  a  substance  is  needed  that  is  completely 
filterable  and  is  neither  reabsorbed  nor  secreted  by  the  tubule 
cells.  With  such  a  substance  the  amount  recovered  in  the  urine 
is  obviously  equal  to  the  amount  filtered  in  the  glomeruli  per 
unit  time.  The  clearance  of  such  a  filtered,  but  not  reabsorbed 
or  excreted  substance,  is  therefore  equal  to  the  glomerular  fil¬ 
tration  rate.  Inulin  or  mannitol  and  creatinine  in  dogs  are 
substances  which  under  all  conditions  have  a  plasma  clearance 
that  is  identical  with  the  glomerular  filtration  rate.  With 
these  substances  as  a  standard  of  reference  it  becomes  possible 
to  study  quantitatively  the  manner  in  which  various  other  urinary 
constituents  are  handled  by  the  kidney.  It  is  possible  to  deter¬ 
mine  which  ones  are,  1)  solely  filtered,  2)  which  are  filtered 
and  reabsorbed  and,  3)  those  which  in  addition  to  being  filtered 
are  also  excreted  by  the  tubule  cells.  Determining  the  clearance 
of  a  particular  substance  simultaneously  with  that  of  inulin  (or 
creatinine  in  the  dog)  allows  a  comparison  between  the  tubular 
handling  of  that  substance  and  the  reference  substance,  inulin 
or  creatinine.  Knowing  the  rate  of  glomerular  filtration  and 
the  plasma  concentration  of  the  substance  it  becomes  possible  to 
calculate  the  magnitude  of  the  tubular  reabsorption  and  excretion. 
With  substances  that  are  filtered  and  reabsorbed,  the  difference 
between  the  amount  filtered  and  the  amount  excreted  into  the  blad¬ 
der  urine  represents  the  amount  reabsorbed  by  the  tubules.  With 
substances  that  are  filtered  and  secreted,  the  difference  between 
the  amount  filtered  and  the  total  amount  appearing  in  the  bladder 
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urine  constitutes  the  contribution  via  tubular  secretion. 

These  principles  have  been  applied  to  the  study  ox  the  kid¬ 
ney  excretion  of  almost  every  constituent  normally  appearing  in 
the  urine,  including  amino  acids. 

Folin  and  Berglund  in  1922  were  the  first  to  publish  re¬ 
sults  on  a  study  of  the  relationship  between  the  concentration 
of  amino  acids  in  the  blood  plasma  and  the  rate  of  excretion  in 
the  urine  (lU).  Their  results,  however,  were  invalidated  in  1933 
by  the  work  of  Van  Slyke  and  Kirk  (27)  who  showed  that  the  calori¬ 
metric  method  for  determination  of  alpha-amino  nitrogen  used  by 
Folin  and  Berglund  was  highly  inaccurate  for  both  blood  and  urine 
analysis . 

The  first  published  study  of  simultaneous  observations  on 
the  blood  and  urine  amino  acid  nitrogen  concentration  using  a 
reliable  analytical  method  was  that  of  Kirk  in  1936  (20).  He 
made  determinations  of  alpha-amino  nitrogen  concentration  in 
blood  and  urine  samples  obtained  simultaneously  from  fasting 
humans  two  hours  after  the  oral  ingestion  of  29  grams  of  glycine. 
He  found  that  the  alpha-amino  nitrogen  clearance  increased  with 
increasing  plasma  concentration  and  was  independent  of  urine  ex¬ 
cretory  rate. 

The  study  of  kidney  amino  acid  excretion  prior  to  19ho  was 
seriously  limited  because  of  the  lack  of  a  specific  method  of 
amino  acid  analysis.  At  that  time  a  specific  method  of  analysis 
of  urine  and  plasma,  utilizing  microbiological  techniques,  was 
developed  by  Hier  and  Bergeim  (17).  The  previous  methods,  re¬ 
quiring  that  results  be  analyzed  and  expressed  in  terms  of  alpha- 


amino  nitrogen,  limited  the  validity  of  the  data  so  expressed, 
because  of  the  inability  of  the  methods  to  differentiate  between 
biologically  active  and  inactive  forms  of  the  alpha-amino  acids 
or  to  differentiate  one  from  the  other  when  several  were  admin¬ 
istered  together  as  in  a  protein  hydrolysate. 

The  first  application  of  the  physiologically  specific  micro¬ 
biological  techniques  of  amino  acid  assay  to  kidney  elimination 
was  the  study  of  Beyer  and  co-workers  (3)  of  the  renal  clearance 
of  tryptophane,  leucine,  isoleucine,  and  valine  in  dogs.  They 
found  that  after  the  constant  intravenous  infusion  of  each  of 
these  amino  acids  at  varying  rates  there  was  only  a  slight  change 
in  the  clearance  of  any  of  the  amino  acids  even  though  their 
plasma  concentrations  were  increased  as  much  as  ten  to  seventy 
fold. 

In  subsequent  years  the  renal  clearance  of  all  the  essential 
amino  acids  have  been  determined  using  these  same  specific  tech¬ 
niques  by  Beyer  and  his  associates  (3>h)2h>29) ,  Eaton  and  cowork¬ 
ers  (13)  >  and  Ramin  and  Handler  (18)  in  dogs,  and  by  Doolan  et  al 
in  humans  (10). 

The  most  important  findings  of  investigations  on  kidney  ex¬ 
cretion  of  amino  acids  to  date  may  be  summarized  as  follows: 

1.  In  the  fasting  state  the  reabsorption  of  amino  acids  from 
the  glomerular  filtrate  is  almost  complete  and  consequently  the 
amount  excreted  in  the  urine  normally  is  insignificajit.  Pitts 
19U3  (22),  Goettsch  et  al  19UU  (l£). 

2.  Ihen  the  filtered  loads  are  increased,  both  the  amounts  of 
amino  acid  excreted  and  those  which  are  reabsorbed  are  increased. 
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Doty  19 h6  (12),  Pitts  19b3>19bb  (22,23) ,  and  Goettsh  19hk  (16). 
3.  Maximal  reabsorption  capacities  for  amino  acids,  if  attain¬ 
able  at  all,  are  achieved  by  a  mechanism  different  from  that 
which  governs  the  reabsorption  of  glucose  inasmuch  as  the  simul¬ 
taneous  infusion  of  increasing  loads  of  glucose  and  amino  acids 
do  not  interfere  with  the  reabsorption  of  either  one  compared 
to  infusion  of  each  alone.  In  addition,  phlorizin  in  amounts 
sufficient  to  completely  inhibit  glucose  tubular  reabsorption 
has  no  effect  upon  amino  acid  reabsorption.  Smith  (2b). 
b.  There  exists  between  individual  and  groups  of  amino  acids 
a  competition  for  reabsorption.  Beyer  et  al  19b7  (3)?  Kamin 
and  Handler  1951  (18). 
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Statement  of  the  Problem 

Beyer  et  al  (b)  in  a  study  of  the  competition  between  amino 
acids  for  tubular  reabsorption  in  dogs  could  not  demonstrate  any 
competition  between  glycine  and  arginine,  histidine,  lysine, 
leucine,  or  isoleucine  when  these  amino  acids  were  infused  in 
individual  pairs  and  the  tubular  load  of  one  of  the  members  of 
the  pair  increased  until  its  maximal  rate  of  reabsorption  was 
approached.  They  postulated  three  different  tubular  pathways 
for  amino  acid  reabsorption  based  upon  the  degree  of  suppression 
of  reabsorption  of  one  by  the  other.  One  pathway  for  the  group 
of  basic  amino  acids,  arginine,  histidine,  and  lysine;  a  second 
for  the  mono-amino-mono-carboxylic  amino  acids  leucine  and  iso¬ 
leucine;  and  a  third  for  glycine  because  the  administration  of 
this  amino  acid  even  in  large  amounts,  up  to  16  mg.  (213*5  micro¬ 
moles)  per  kilogram  per  minute,  failed  to  interfere  with  the 
reabsorption  of  any  member  of  the  other  two  groups. 

Evidence  obtained  by  Doolan  et  al  (11)  in  kidney  amino  acid 
excretion  studies  with  human  volunteers  infused  with  concentrated 
amino  acid  solutions  suggested  that  in  contrast  to  the  tubular 
reabsorption  of  the  majority  of  amino  acids  the  tubular  reabsorp¬ 
tion  of  histidine  was  not  increased  by  increasing  the  tubular 
load  of  this  amino  acid.  In  addition,  there  was  evidence  to 
suggest  that  the  reabsorption  of  glycine  was  depressed  by  the 
simultaneous  administration  of  a  mixture  of  amino  acids  in  the 
form  of  a  casein  hydrolysate  solution.  It  was  not  possible  ho%v- 
ever,  to  substantiate  these  findings  with  statistically  signifi¬ 
cant  evidence  because  of  the  discontinuance  of  the  experiment 
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with  volunteers  following  a  toxic  reaction  to  a  high  concentra¬ 
tion  glycine  infusion  in  one  of  the  volunteers.  The  present 
study  was  initiated  in  an  effort  to  duplicate  the  same  find¬ 
ings  using  dogs  as  the  experimental  subjects. 
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METHODS 

Animals 

Mongrel  female  dogs  weighing  between  10  and  15  kilograms 
were  used  in  all  experiments.  The  results  in  this  study  were 
obtained  in  three  dogs  used  in  repeated  experiments  over  a  two 
year  period.  They  were  kept  in  isolated  receiving  runs  for  a 
minimum  two-week  quarantine  period  and  observed  for  any  signs 
of  illness.  During  this  period  they  were  dewormed  and  immunized 
against  canine  hepatitis  and  distemper.  Two  weeks  before  the 
beginning  of  experiments  each  dog  was  transferred  to  an  indivi¬ 
dual  cage  in  temperature-controlled  animal  rooms  of  the  labora¬ 
tory.  The  dogs  remained  in  the  cages  throughout  the  duration  of 
the  experiments.  A  minimum  two  week  recovery  period  was  allowed 
before  repeating  experiments  in  the  same  dog. 

Experimental  Procedure 

The  general  procedure  for  the  experiments  and  the  special 
conditions  for  each  study  are  given  in  protocols  listed  as  Tables 
I  and  II.  To  condense  the  tables  all  para-amino-hippuric  acid 
clearances  (renal  plasma  flow)  were  omitted  since  they  did  not 
contribute  to  the  interpretation  of  the  data. 

The  dogs  were  fasted  by  removing  all  food  from  their  cages 
the  night  prior  to  each  experiment.  One  hour  before  the  experi¬ 
mental  run  50  ml./Kgm.  of  water  was  administered  to  each  dog  in 
two  equally  divided  portions  via  stomach  tube  with  a  15  minute 
interval  between  the  first  and  second  administration.  After  the 
dogs  were  hydrated  to  assure  a  good  urine  flow  they  were  lightly 
anesthetized  with  pentobarbital  sodium  solution,  60  mg. /ml.,  by 
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slow  intravenous  injection  (approximately  20  mg./Kgm. )  into  the 
cephalic  vein.  The  dog  was  kept  lightly  anesthetized  throughout 
each  experimental  run  by  injecting  additional  pentobarbital  sodium, 
60  mg.  at  a  time,  as  required  to  prevent  struggling.  The  animal 
was  then  placed  on  a  warmed  dog  table  and  the  hair  clipped  from 
its  legs  and  throat.  An  18  gauge  stainless-steel  needle  was  in¬ 
serted  into  the  saphenous  vein  at  the  point  where  the  vein  passed 
through  the  fossa  lying  between  the  gastrocnemius  tendon  and  the 
os  calcaneous.  Using  the  needle  as  a  canulla  a  flexible  polyethy¬ 
lene  tube  (pe-J?0  Clay-Adams,  N.Y.)  was  inserted  into  the  vein 
through  the  needle  for  a  distance  o,f  approximately  10  cm.  The 
needle  was  then  removed  and  the  tubing  was  taped  in  place  to  the 
leg  to  prevent  accidental  removal.  This  tubing,  which  was  used 
for  all  intravenous  infusions  during  the  experiment,  was  then  con¬ 
nected  to  the  output  side  of  the  infusion  pump  (Filamatic  Auto¬ 
matic  Pipetting  Machine,  Model  A,  National  Instrument  Co.,  Balti¬ 
more  l£,  Md.)  and  the  pump  speed  adjusted  so  that  the  flow  of  a 
solution  of  physiological  saline  was  just  sufficient  to  prevent 
clotting  in  the  indwelling  catheter.  A  21  gauge  needle  with  an 
attached  three-way  valve  was  inserted  into  either  external  jugular 
vein  and  secured  in  place  with  adhesive  tape.  One  valve  outlet 
was  attached  by  flexible  plastic  tubing  to  a  Kelly  infusion  jar 
containing  a  solution  of  heparinized  normal  saline  (heparin  so¬ 
dium  10  mg./lOO  ml.  of  saline).  The  other  valve  outlet  was  used 
to  withdraw  all  blood  samples  during  the  experiment.  Except  when 
withdrawing  blood  the  valve  was  turned  to  allow  the  heparinized 
saline  to  drip  through  the  valve  and  needle  preventing  clotting 
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and  keeping  the  lumens  patent.  The  drop  rate  was  regulated  to 
about  three  drops  per  minute.  A  maximum  of  50  ml.  of  heparin¬ 
ized  saline  was  infused  by  this  method  during  any  one  experiment. 
A  size  12-lh  French  soft  latex  Foley  balloon  retention  catheter 
was  then  inserted  through  the  dog’s  urethra  into  its  bladder  and 
the  balloon  inflated.  Urine  was  collected  in  graduated  cylinders. 

After  assuring  that  all  catheters  were  functioning  properly 
the  creatinine  priming  solution,  65  mg./Kgrn.  (usually  about  1  gm. 
dissolved  in  25  ml.  of  normal  saline) ,  and  the  sodium  para-amino- 
hippurate  (PAH)  priming  solution,  2  mg./Kgm.  (usually  about  300 
mg.  dissolved  in  the  same  25  ml.  volume  of  saline  as  the  creati¬ 
nine)  was  infused.  Immediately  following  the  priming  infusion 
containing  the  amount  of  creatinine  and  PAH  estimated  as  needed 
to  raise  the  plasma  concentrations  of  these  substances  to  10  mg'/ 
and  2  mg%  respectively,  the  infusion  of  normal  saline  containing 
the  estimated  amounts  of  creatinine  (usually  about  2  mg. /ml. )  and 
PAH  (usually  about  0.8  mg. /ml.)  necessary  to  maintain  the  plasma 
levels  was  begun.  The  clearance  of  creatinine  at  this  plasma 
concentration,  as  shown  by  Homer  Smith  and  others  (25)?  gives  a 
good  estimate  of  the  glomerular  filtration  rate  in  dogs  and  the 
clearance  of  PAH  at  this  lowr  plasma  concentration  gives  a  good 
estimate  of  the  renal  plasma  flow.  The  infusion  rate  of  all  in¬ 
travenous  infusions  was  maintained  at  three  milliliters  per  min¬ 
ute  throughout  all  experiments.  The  output  rate  of  the  pump  was 
checked  before  and  after  each  experiment  and  it  w/as  found  to 
maintain  a  constant  output  rate. 

Following  a  U0  minute  period  to  allow  equilibration  of  the 
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plasma  concentrations  of  creatinine  and  PAH  two  or  three  succes¬ 
sive  15  minute  control  clearances  were  obtained.  In  all  clear¬ 
ance  periods  the  bladder  was  emptied  as  completely  as  possible 
by  supra-pubic  pressure,  then  rinsed  with  20  ml.  of  normal  saline, 
and  the  last  of  the  washings  expelled  by  introducing  20  ml.  of 
air  and  applying  supra-pubic  pressure  at  the  end  of  each  urine 
collection  period.  Blood  samples  were  withdrawn  via  the  indwel¬ 
ling  jugular  needle  into  heparinized  syringes  at  the  midpoint  of 
each  urine  collection  period.  Each  blood  sample  was  immediately 
centrifuged  and  the  plasma  removed  and  stored  under  refrigeration 
until  analysis  the  following  day. 

After  the  control  clearance  periods  a  priming  dose  of  the 
amino  acid  (166  mg./Kgm.  of  histidine  or  500  mg./Kgm.  of  glycine) 
was  infused  followed  immediately  by  the  constant  infusion  of  the 
maintenance  amino  acid  solutions  (1.115  mg./Kgm. /min.  of  histidine 
or  7.5  mg./Kgm. /min.  of  glycine)  containing  the  same  concentrations 
of  creatinine  and  PAH  as  used  in  the  control  clearance  periods  in¬ 
jected  at  a  rate  of  three  milliliters  per  minute.  The  plasma  con¬ 
centrations  of  the  amino  acids  was  calculated  to  approximate  the 
levels  attained  in  the  experiments  of  Doolan  et  al  (11)  in  humans. 
Following  a  kO  minute  equilibration  period  four  15  minute  clearance 
periods  were  run  in  the  case  of  the  glycine  studies  and  three  15 
minute  clearances  in  the  case  of  the  histidine  studies. 

In  the  glycine  studies  the  next  phase  consisted  of  the  admin¬ 
istration  of  a  priming  dose  of  casein  hydrolysate  solution  (Paren- 
amine,  Winthrop-Stearns ,  N.Y.),  37!?  mg./Kgm.,  followed  by  a  con¬ 
stant  maintenance  infusion  consisting  of  the  same  concentrations 
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of  glycine,  creatinine,  and  PAH  as  before  plus  casein  hydroly¬ 
sate  in  sufficient  concentration  to  give  an  input  of  7*5  mg. /Kgm. 
/rain,  at  the  infusion  rate  of  3  ml. /min.  At  the  conclusion  of 
the  hO  minute  equilibration  time  15  minute  clearances  were  run 
as  in  the  preceeding  phase. 

The  second  phase  of  the  histidine  studies  consisted  of  an 
attempt  to  fatigue  the  renal  reabsorption  mechanism  by  doubling 
the  intravenous  input  rate  of  the  histidine.  The  plasma  concen¬ 
tration  was  increased  with  a  priming  dose  of  166  mg. /Kgm.  and 
maintained  by  increasing  the  histidine  concentration  in  the  con¬ 
stant  infusion  solution  so  that  the  input  rate  was  2.2h  mg. /Kgm. 
/min.  Following  the  hO  minute  equilibration  period  three  15  min¬ 
ute  clearances  were  run  as  described  previously. 

Analytical  Methods 

Creatinine  Analysis:  Creatinine  determinations  were  car¬ 

ried  out  in  duplicate  on  the  protein-free  plasma  filtrates  and 
diluted  urine  samples  using  the  alkaline-picrate  method  of  Folin 
and  Wu  as  modified  by  Kennedy  et  al  (19).  This  method  relies  on 
the  reduction  of  picric  acid  to  picramic  acid  by  creatinine  in  an 
alkaline  solution  producing  a  red  colored  solution  the  intensity 
being  proportional  to  the  concentration  of  creatinine  present. 

The  procedure  is  as  follows: 

(a)  Trichloroacetic  acid  protein  precipitation. 

(1)  Add  in  sequence  to  a  lj.0  ml.  centrifuge  tube;  20  ml.  of 
distilled  water,  2  ml.  of  plasma  in  drops  with  constant 
agitation,  and  8  ml.  of  11.2/  trichloroacetic  acid. 

(2)  Stopper  tube,  shake  well,  and  let  stand  for  10  minutes, 
shaking  at  least  once.  Centrifuge  for  10  minutes  and 
filter. 

(b)  Creatinine  colorimetric  determination. 

(1)  Mix  fresh  each  time,  5  volumes  of  saturated  picric  acid, 
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1  volume  of  10$  sodium  hydroxide,  and  6  volumes  of 
water. 

(2)  Add  8  ml.  of  freshly  mixed  alkaline  picrate  solution 
to  1;  ml.  of  plasma  filtrate,  urine  samples,  and  stan¬ 
dards  containing  3$  trichloroacetic  acid. 

(3)  After  30  minutes  at  room  temperature  measure  the  optical 
densities  at  U95  millimicrons  in  a  spectrophotometer 

(a  Beckman  Model  B  was  used  in  this  experiment). 

Microbiological  Amino  Acid  Assay:  Amino  acid  assays  were 

carried  out  on  diluted  urinary  samples  and  protein-free  plasma 
filtrates  deproteinized  by  precipitating  with  5$  acetic  acid  at 
lOO^C.  For  the  determination  of  glycine,  histidine,  and  serine 
the  test  organism  used  was  Leuconostoc  mesenteriodes  P-60  (ATC 
80U2 )  maintained  in  stab  cultures  and  transferred  to  a  broth  of 
the  basal  assay  medium  plus  0.20^  yeast  extract  just  prior  to  use. 
The  basal  medium  described  by  Steele  et  al  (26)  was  used.  To  each 
assay  tube  0.5  ml.  of  the  basal  medium  was  added  and  sufficient 
unknown  sample,  standard,  or  water  was  added  to  make  a  total  vol¬ 
ume  of  1.0  ml.  The  tubes  were  inoculated  with  one  drop  of  the 
microorganism  culture  and  placed  in  an  incubator  at  37°0.  for  72 
hours.  The  acid  produced  during  this  time  was  measured  by  electro¬ 
metric  titration  with  0.01  normal  sodium  hydroxide.  The  amount 
of  amino  acid  present  in  the  unknown  sanples  was  determined  by 
comparing  the  amount  of  acid  produced  by  a  known  amount  of  that 
amino  acid  in  various  concentrations  in  the  basal  medium  with  the 
amount  of  acid  produced  by  the  unknown  sample. 
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Results 

Tables  I  and  II  give  the  conditions  and  results  of  typical 
experiments  for  both  glycine  and  histidine  studies  respectively. 
It  will  be  noted  that  at  the  fasting  plasma  amino  acid  levels 
the  endogenous  excretion  of  either  amino  acid  is  quite  low,  the 
reabsorption  being  almost  complete.  The  endogenous  clearances 
are  correspondently  low. 

Filtered  load  was  calculated  using  the  value  of  the  plasma 
amino  acid  concentration  and  the  glomerular  filtration  rate.  It 
can  be  safely  assumed  on  the  basis  of  micropuncture  studies  (29) 
that  the  concentration  of  the  amino  acid  in  the  plasma  and  the 
glomerular  filtrate  is  identical.  The  amount  of  amino  acid  ex¬ 
creted  was  calculated  from  the  values  of  urinary  amino  acid  con¬ 
centration  and  urine  flow  rate.  The  amount  of  amino  acid  reab¬ 
sorbed  was  obtained  by  difference  between  the  filtered  load  and 
the  amount  excreted.  The  clearance  of  the  amino  acids  was  calcu¬ 
lated  using  the  general  clearance  formula,  Cx  =  UV/B. 

The  standard  errors  of  the  means  were  determined  using  a 
simplified  estimate  of  dispersion  in  small  samples  (9)»  The  test 
of  significance  between  the  means  of  two  groups  was  made  using 
the  "t"  test  based  on  the  hypothesis,  "two  populations  have  the 
same  mean  when  the  universal  variance  is  not  known,"  (9).  A  "p" 
value  of  0.09  or  less  was  accepted  as  the  level  of  significance. 
General  Response  to  Glycine  Perfusion: 

The  relationship  between  glycine  plasma  level  and  the  con¬ 
centration  in  the  glomerular  filtrate  (i.e.  filtered  load)  is 
shown  in  figure  1.  It  can  be  seen  that  the  filtered  load  closely 
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parallels  the  plasma  level  in  both  experiments  ,  one  in  which  the 
plasma  level  remains  relatively  constant  and  one  in  which  the 
plasma  level  is  falling.  The  glycine  plasma  concentration  was 
increased  by  the  exogenous  infusion  to  approximately  100  times 
the  fasting  level.  The  increase  in  the  filtered  load  was  of  the 


Table  I. 


PROTOCOL:  GLYCINE  KIDNEY  CLEARANCE  STUDIES 
DOG  I  16  KGSJ.  RUN  III 


TIME 

CREATI¬ 

NINE 

CLEARANCE 

(gfr) 

URINE 

FLOW 

RATE 

GLYCINE 

SERINE 

PLASMA 

CONG. 

PLASMA 

GONC. 

AMOUNT 

FILTERED 

AMOUNT 

REABSORB 

AMOUNT 

EXCRETED 

FRACTION 

REABSORB 

CLEARANCE 

CONTROL: 

POST -ABSORPTIVE  STATE  BUT  AFTER  PRIMING  DOSE  OF 

WATER 

hr.  min. 

co/min. 

cc/min. 

Mmols/L 

Mmols/min 

Mmols/min 

Mmols/min 

cc/min 

Mmols/L. 

00  09 

45.2 

2.85 

0.333 

0.020 

0.020 

0.00 

1.00 

0.6 

0.247 

00  22 

50.3 

2.93 

0.400 

0.021 

0.019 

0.001 

0.99 

0.6 

0.181 

GLYCINE  PRIME*  500 

mgny  Kgm, 

GLYCINE  MAINTENANCES  7.5  mgm/Kgm/nd 

i.  INFUSION  RATE* 

3ee/mln. 

00  59 

41.2 

4.40 

28.30 

1.165 

0.633 

0.532 

0.543 

18.9 

1.445 

01  13 

40.6 

5.00 

22.50 

0.915 

0.434 

0.481 

0.475 

21.3 

1.540- 

01  27 

47.6 

7.00 

23.34 

0.957 

0.413 

0.544 

0.432 

23.4 

1.580 

01  43 

37.4 

6.06 

22.80 

0.854 

0,440 

0.414 

0.515 

18.1 

1.640 

CASEIN  HYDROLYSATE  PRIME*  375  mgm/Kgm.  CASEIN  HYDROLYSATE  MAINTENANCE*  7.5  mgm/Kgm/mln. 
GLYCINE  MAINTENANCE:  7.5  mgm/Kgm/min.  INFUSION  RATE:  3  cc/min. 

02  31 

35.6 

5.20 

24.40 

0.870 

0.430 

0.440 

0.494 

18.0 

2.130 

02  44 

39.4 

4.53 

21.85 

0.863 

0.474 

0.389 

0.550 

17.7 

2.110 

03  00 

39.7 

4.70 

23.45 

0.930 

0.504 

0.426 

0.542 

18.2 

2.100 

03  21 

32.7 

5.06 

23.20 

0.760 

0.388 

0.372 

0.510 

16.1 

2.130 

same  magnitude.  As  the  glomerular  filtrate  is  an  ultra-filtrate 
of  plasma  this  is  the  response  expected,  assuming  no  conjugation 
between  glycine  and  the  plasma  proteins. 
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The  plasma  clearances  followed  rather  closely  the  changes 
in  the  plasma  levels  and  filtered  loads  in  these  two  experiments 
except  that  in  the  instance  where  the  glycine  level  was  falling 
the  clearance  fell  somewhat  more  rapidly  as  can  be  seen  from  the 
steeper  slope  of  this  clearance  curve.  Inasmuch  as  the  plasma 


Table  II. 

PROTOCOL:  HISTIDINE  KIDNEY  CLEARANCE  STUDIES 
DOG  III  10  KGM.  RUN  H 


TIME 

CREATININE 

CLEARANCE 

(GFR) 

URINE 

FLOW 

RATE 

HISTIDINE 

PLASMA 

CONC. 

AMOUNT 

FILTERED 

AMOUNT 

REABSORBED 

AMOUNT 

EXCRETED 

FRACTION 

REABSORBED 

CLEARANCE 

CONTROL:  POST -ABSORPTIVE  STATE  BUT  AFTER  PRIMING  DOSE  OF  WATER  50  cc/Kgm  P.0. 


hrs. 

00 

min. 

08 

cc/min. 

45.7 

ce/min. 

4.06 

(a.mol/L 

51.5 

|j.mols/min. 

2.94 

junols/mln. 

2.93 

|i.mols/min. 

0.01 

.996 

cc/min. 

0.20 

00 

23 

50.4 

3.27 

77.2 

2.59 

2.58 

0.01 

.996 

0.13 

00 

38 

55.8 

3.07 

51.5 

4.31 

4.31 

0.01 

.998 

0.23 

HISTIDINE  PRIME:  166  agm/Kgm.  HISTfDINE  MAINTENANCE:  1.115  mgm/Kgm/min.  INFUSION  RATE:  3  cc/mln. 


01 

12 

49.0 

2.01 

1094.0 

53.60 

52.00 

1.60 

.975 

1.35 

01 

27 

58.5 

2.03 

1010.0 

59.10 

58.00 

1.10 

.980 

0.67 

01 

42 

56.7 

2.53 

889.0 

50.40 

49.80 

0.60 

.988 

0.70 

HISTIDINE  PRIME:  166  mgm/Kgm.  HISTIDINE  MAINTENANCE:  2.24  mgm/Kgm/mln.  INFUSION  RATE:  3  ee/min. 


02 

27 

63.3 

5.33 

4380.0 

276.50 

240.00 

36.50 

.867 

8.38 

02 

42 

57.0 

5.20 

4310.0 

246.00 

210.00 

36.00 

.854 

8.35 

02 

57 

60.0 

5.00 

4380.0 

263.00 

228.00 

35.00 

.870 

7.80 

clearance  of  glycine  is  normally  near  zero ,  indicating  almost 
complete  reabsorption,  a  decreasing  clearance  means  an  increas¬ 
ing  reabsorption  of  the  filtered  load. 
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THE  RELATIONSHIP  BETWEEN  GLYCINE  PLASMA  LEVEL ,  THE  PLASMA 
CLEARANCE  OF  GLYCINE  BY  THE  KIDNEY,  AND  THE  FILTERED  TUBULAR 
LOAD  OF  GLYCINE.  (TWO  SEPARATE  EXPERIMENTS  ON  THE  SAME  DOG. 
GLYCINE  AND  CASEIN  HYDROLYSATE  INFUSED  AT  RATE  OF  7.5  MGM/KGM 
/MIN.) 


Figure  1 
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The  Effect  of  Glycine  Plasma  Levels  on  Serine  Plasma  Levels: 

As  can  be  seen  in  figure  3  and  in  table  I  the  infusion  of 
glycine  caused  a  concomitant  rise  in  serine  plasma  levels.  For 
a  hundred  fold  increase  in  the  glycine  plasma  level  the  serine 
level  was  increased  approximately  ten  fold.  This  rise  is  not 
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800  -  REAB- 


600 


(  \  and  (  )  =  STANDARD  ERROR^j 
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DOG  2 

(10  KGM ) 
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T  : 

FRACTION 

REABSORBED 


0.53  0.59  0.49  0.52 

(±0.05)(±0.03)  (±0.02X±002) 


0.64  0.71  0.59  0.58  0.49  0.61 

(±0.01) (±0.04)  (±0.03)(±0.05)  (±0.04)(± 0.03) 


PLASMA  LEVEL 
(m  M/L  ) 


24.4  19.9  24.2  23.3 

(±0.41)(±056)  (±  1.3) (±0.62) 


12.5  12.3  12.6  15.8  10.8  12.1 

(±0.52)(±0.42)  (±0.2)(±0.26)  (±0.23)(±0.39) 


PROPORTION  OF  GLYCINE  REABSORBED  AT  DIFFERENT  FILTERED  LOAD  LEVELS 
WHEN  INFUSED  ALONE  AND  WITH  A  CASEIN  HYDROLYSATE  SOLUTION.  EACH 
BAR  REPRESENTS  THE  MEAN  OF  FOUR  INFUSION  PERIODS. 

Figure  2. 


surprising  in  view  of  the  fact  that  the  conversion  of  glycine  to 
serine  is  a  metabolic  route  for  the  disposal  of  glycine.  This 
same  finding  has  been  made  by  others  (10511>18). 
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ELAPSED  Tl  ME  (MIN) 


THE  INFLUENCE  OF  GLYCINE  PLASMA  LEVEL  ON  THE 
PLASMA  LEVEL  OF  SERINE. (TWO  SEPARATE  EXPERIMENTS 
ON  THE  SAME  DOG) 

|  Figure  3. 
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Factors  Involved  in  Glycine  Reabsorption: 

The  results  of  five  experiments ,  each  at  different  tubular 
load  levels }  in  two  different  dogs  are  given  in  figure  2.  One 
unexpected  finding  was  that  although  in  any  one  experiment  the 
filtered  load  levels  closely  followed  the  changes  in  plasma 
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(t0.04)  (±0.03)  (±0.05)  (±0.01) 
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PLASMA  LEVEL 
(fiM/L) 


1778  3950  998  4350 

(±198)  (±46)  I ±70)  (±24) 


799  2060 

(±  61)  (±177) 


520  1201 
(±23)  (±5.8) 


PROPORTION  OF  HISTIDINE  REABSORBEDAT  DIFFERENT  FILTERED 
LOAD  LEVELS.  EACH  BAR  REPRESENTS  THE  MEAN  OF  THREE 
CLEARANCE  PERIODS. 


glycine  levels  (see  figure  l)  the  same  plasma  levels  gave  signi¬ 
ficantly  different  filtered  load  levels  in  separate  experiments 
in  the  same  dog  ( see  figure  2 ) .  The  reason  for  this  lack  of  re¬ 
producibility  is  not  known. 
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'The  fraction  of  glycine  reabsorbed  during  the  periods  of 
increased  plasma  levels  resulting  from  the  constant  glycine  in¬ 
fusion  remained  within  a  remarkably  narrow  range,  O.ii.9  to  0.71# 
over  a  relatively  wide  range  of  filtered  loads,  390  to  1390  micro- 
mols/minute,  figure  2.  However,  in  terms  of  absolute  amounts,  the 
amounts  reabsorbed  as  well  as  the  amounts  excreted  increased  when 
the  filtered  loads  were  increased.  Sven  at  the  relatively  high 
filtered  load  of  1390  micromols/minute  (100.9  mg.  /min. )  there  was 
no  evidence  of  a  decreased  reabsorptive  capacity. 

There  was  no  significant  change,  "p"  greater  than  0.09#  in 
the  amount  of  glycine  reabsorbed  when  infused  alone  compared  to 
infusion  as  part  of  an  amino  acid  mixture  in  the  form  of  a  casein 
hydrolysate  when  comparable  loads  were  obtained.  This  is  at  vari¬ 
ance  with  the  results  of  Doolan  et  al  (11)  in  humans  where  they 
found  decreased  glycine  reabsorption  under  similar  conditions  when 
glycine  was  infused  with  an  amino  acid  solution. 

Histidine  Infusion: 

The  results  from  a  typical  experiment  from  the  histidine  in¬ 
fusion  studies  are  tabulated  in  table  II.  The  histidine  plasma 
levels  in  this  experiment  were  the  highest  attained  in  the  histi¬ 
dine  study.  The  ratio  of  the  high  load  plasma  level  to  the  fast¬ 
ing  plasma  level  was  approximately  89#  and  of  the  high  load  plasma 
level  to  the  low  load  plasma  level  was  approximately  br.9.  The 
difference  between  the  fasting  histidine  plasma  level  and  the  low 
and  high  load  plasma  levels  In  the  other  experiments  fell  well 
below,  being  2lj  to  77  and  2.2  to  2.6  respectively,  see  figure  1|. 
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The  object  in  this  experiment  was  to  study  tubular  reab¬ 
sorption  at  plasma  levels  close  to  those  attained  by  Doolan  et  al 
(11)  over  the  same  period  of  time  where  reabsorptive  fatigue  has 
been  postulated.  As  can  be  seen  from  table  II  the  absolute  amount 
of  histidine  reabsorbed  at  the  end  of  the  high  load  period  is  not 
significantly  different  from  that  at  the  beginning  of  the  period. 

In  the  two  experiments  on  dog  I  (figure  k)  the  plasma  levels 
attained  in  the  high  load  phases  gave  filtered  loads  sufficiently 
great  to  significantly  decrease  the  proportion  of  the  load  reab¬ 
sorbed.  However,  the  plasma  levels  in  the  experiments  on  dog  III 
during  the  high  load  phase  were  not  so  inordinately  high  and  the 
proportion  of  the  histidine  reabsorbed  in  the  high  load  and  low 
load  periods  were  not  significantly  different.  Although  the  ratio 
of  histidine  reabsorbed  to  histidine  filtered  differed  in  the  dif¬ 
ferent  experiments  the  absolute  amount  of  histidine  reabsorbed  in¬ 
creased  in  response  to  the  increased  load  in  every  experiment. 
There  was  no  evidence  that  fatigue  of  the  histidine  reabsorptive 
apparatus  occurred. 

The  relationship  between  increased  plasma  level  and  increased 
plasma  clearance  in  the  case  of  histidine  was  the  same  as  for  gly¬ 
cine  (see  table  II). 
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Discussion 

Although  the  kidneys  are  composed  of  many  separate  function¬ 
ing  units?  the  nephrons?  it  has  become  customary  to  discuss  renal 
function  as  if  one  such  unit  were  concerned?  as  if  dividing  total 
function  by  the  number  of  nephrons  would  yield  a  measure  of  func¬ 
tion  in  the  single  unit.  This  approach  would  be  accurate  if  the 
nephron  population  was  homogenous  and  uniform  and  produced  the 
same  volume  of  urine  each  minute  of  identical  composition.  How¬ 
ever?  a  great  variability  in  structure  can  easily  be  demonstrated 
and  much  evidence  is.  available  that  indicates  non-uniformities  in 
perfusion?  filtration?  and  tubular  behavior  (6). 

Theoretically  all  substances  that  have  a  maximal  rate  of  tu¬ 
bular  reabsorption  (Tm)  and  are  filtered  through  the  glomeruli 
should  be  reabsorbed  completely  during  their  passage  down  the  tu¬ 
bules  until  the  Tm  level  is  reached  then  the:y  should  begin  to  ap¬ 
pear  in  the  urine  and  the  reabsorption  should  become  constant. 
However?  in  the  instances  where  Tm  values  have  been  demostrated 
for  individual  amino  acids  in  the  dog  (30)?  and  in  the  present 
study?  the  saturating  value  has  been  approached  in  a  gradual  man¬ 
ner  and  amino  acids  began  to  appear  in  the  urine  at  values  some¬ 
what  less  than  the  Tm.  In  the  Tm  studies  (19)  reabsorption  did 
not  become  constant  until  the  load  was  in  excess  of  the  Tm. 

According  to  Pitts  (22)?  the  limiting  reabsorptive  maxima 
are  attained  gradually  because  the  velocity  of  decomposition  of 
an  amino  acid  complex  (AB) • within  the  tubular  cell  is  relatively 
rapid  in  relation  to  the  attainment  of  equilibrium  in  the  reac¬ 
tion  by  which  it  is  formed  (A  /  B-sA.B-s-B  /  A). 
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Based  on  an  analysis  utilizing  Michealis-Menton  type  enzyme 
kinetics,  Burgen  (17)  in  the  case  of  glucose  reabsorption,  which 
behaves  similarly  to  amino  acid  reabsorption  in  mammals ,  felt  it 
highly  unlikely  that  gradual  reabsorption  could  be  attributed  to 
an  intrinsic  change  in  the  character  of  transfer. 

If  saturation  occurred  sharply  rather  than  gradually  this 
would  mean  that  all  of  the  tubules  spilled  amino  acids  at  precisely 
the  same  plasma  level  and  the  variety  in  nephron  population,  which 
is  evident  anatomically,  vfould  be  minimized  functionally  by  a  bal¬ 
ance  between  glomerular  and  tubular  function.  That  is,  glomeruli 
with  a  high  filtration  rate  would  be  attached  to  tubules  with  a 
correspondently  large  reabsorptive  capacity,  and  less  active  glom¬ 
eruli  to  equally  inactive  tubules. 

An  alternative  to  Pitt's  explanation  for  the  gradual  approach 
is  that  among  the  nephron  population  there  exists  a  considerable 
variation  in  functional  capacity  to  reabsorb  amino  acids.  As  a 
result  varying  percentages  of  the  population  would  become  saturated 
at  different  plasma  levels  and  the  level  at  which  any  nephron  or 
group  of  nephrons  is  to  become  saturated  would  be  a  function  of 
the  glomerular-tubular  balance  and/or  the  distribution  of  enzymatic 
activity  within  the  tubular  cells. 

Effect  of  Glycine  and  Histidine  Tubular  Loading  on  Reabsorption: 

Doolan  et  al  (11)  found  that  the  amount  of  histidine  and  gly¬ 
cine  reabsorbed  in  the  individual  high  load  periods  in  their  three 
human  subjects  tended  to  decrease  in  each  successive  period.  They 
felt  that  this  trend  of  decreased  reabsorption  over  a  period  of 
time  under  high  loads  was  significant  and  attributed  it  to  a  com- 
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bination  of  competition  for  similar  pathways  by  other  amino  acids 
and  a  fatiguing  of  the  reabsorptive  mechanisms.  In  their  study 
the  mean  maximum  filtered  loads  achieved  were  60  micromols  per 
minute  for  histidine  and  690  micromols  per  minute  for  glycine 
maintained  for  a  period  of  90  minutes.  In  the  present  study  the 
mean  maximum  filtered  loads  attained  were  much  greater,  262  micro¬ 
mols  per  minute  for  histidine  and  1350  micromols  per  minute  for 
glycine  maintained  over  a  period  of  130  minutes  in  the  case  of 
histidine  and  16 0  minutes  in  the  instance  of  glycine.  No  signi¬ 
ficant  depression  of  reabsorption  of  either  amino  acid  was  seen 
in  the  present  study  even  though  the  filtered  loads  attained  were 
much  greater  and  maintained  over  a  longer  period  of  time  in  dogs 
of  substantially  lower  weight  than  the  humans  involved  in  the 
latter  study. 

Concurrent  Infusion  of  Amino  Acid  fixture  and  Glycine: 

Beyer  et  al  (h)  in  a  study  of  the  competition  between  amino 
acids  for  tubular  reabsorption  in  dogs  postulated  three  different 
tubular  pathways  for  amino  acid  reabsorption  based  upon  the  degree 
of  suppression  of  reabsorption  of  one  by  the  other.  One  pathway 
for  the  group  of  basic  amino  acids ,  arginine,  histidine,  and  lysine 
a  second  for  the  mono-amino-mono-carboxylic  amino  acids  leucine  and 
isoleucine;  and  a  third  for  glycine  because  the  administration  of 
this  amino  acid  even  in  large  amounts,  up  to  213*5  micromols  per 
kilogram  per  minute,  failed  to  interfere  with  the  reabsorption  of 
any  of  the  members  of  the  other  two  groups. 

Although  Doolan  et  al  (10)  did  not  observe  any  depression  of 
glycine  reabsorption  when  glycine  was  infused  as  part  of  an  amino 
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acid  mixture  compared  to  infusion  of  glycine  alone  at  the  same 
rate  at  low  levels  of  225  micromoles  per  minute,  they  did  find 
a  significant  decrease ,  "p"  =  .01,  when  the  filtered  load  was 
increased  to  650  micromoles  per  minute. 

The  use  of  a  casein  hydrolysate  solution  as  the  source  of 
a  mixture  of  amino  acids  does  not  provide  a  solution  in  which 
the  individual  amino  acids  are  in  the  same  concentrations  rela¬ 
tive  to  one  another  as  in  the  plasma  of  fasting  normal  animals. 
Therefore,  the  kidney  is  exposed  to  a  different  spectrum  than  it 
would  be  if  the  normal  amino  acid  concentration  ratios  were  pre¬ 
served.  However,  it  is  not  feasible  to  prepare  such  an  ideal 
solution  because  of  the  limited  solubilities  ox  certain  of  the 
essential  amino  acids  which  would  limit  the  amount  of  the  more 
soluble  amino  acids  that  could  be  used. 

In  the  present  study  mean  filtered  loads  ox  glycine  as  high 
as  1350  micromoles  per  minute  were  achieved,  the  lowest  load  being 
390  micromoles  per  minute.  In  not  one  ox  the  five  experiments  in 
two  different  dogs  was  there  a  significant  depression  of  glycine 
reabsorption  when  infused  as  part  of  a  mixture  compared  to  infusion 
alone,  "p"  greater  than  .05.  These  results  are  in  agreement  with 
the  findings  of  Beyer  et  al  (U)  in  the  failure  to  demonstrate  any 
suppression  of  glycine  reabsorption  by  increasing  the  concentra¬ 
tion  of  other  amino  acids. 
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Summary 

It  had  previously  been  reported  that  in  humans  infused  with 
concentrated  amino  acid  solutions  the  tubular  reabsorption  of 
histidine  decreased  slowly  over  a  period  of  time  at  high  loads 
suggesting  a  fatigue  phenomenon.  The  reabsorption  of  glycine  was 
depressed  by  the  simultaneous  infusion  of  high  loads  of  an  amino 
acid  mixture  indicating  the  presence  of  reabsorptive  competition. 

In  this  study  using  dogs  and  infusing  amino  acids  under  com¬ 
parable  conditions  no  evidence  of  decreased  histidine  reabsorption 
under  high  loads  over  a  oeriod  of  time  was  observed.  Nor  was  any 
decrease  found  in  glycine  reabsorption  in  the  presence  of  a  mix¬ 
ture  of  amino  acids. 

Previous  observations  by  other  investigators  on  the  increase 
of  plasma  clearances  and  tubular  reabsorption  following  increases 
in  plasma  amino  acid  levels ,  and  the  almost  complete  reabsorption 
of  amino  acids  in  the  normal  dog,  were  duplicated  in  this  study. 

The  finding  of  a  gradual  approach  to  tubular  reabsorptive 
maximal  rates  in  this  and  other  studies  is  discussed  and  some  ex¬ 
planatory  theories  presented. 
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